Introduction
Recently, constitutive models of rubber hyperelasticity, using alternative 
Background
The theoretical development of a singularity-free representation of principal value-based constitutive models has been discussed at length in reference [4] .
Here, we will confine our discussion to hyperelastic isotropic materials whose strain energy function W is taken to be a general function of the principal stretches, that is,
where AI, A2, Az are the principal values of the right Cauchy-Green deformation tensor Cij. Denoting ni (i = I, 2, 3) to be the associated eigenvectors of Cq, we
I ----1 where N(] ), which is often referred to as the (orthogonal) eigenprojection operator related to the associated eigenvecto_ of Cij is defined as
Equation (2)isvalidwhen allthree eigenvalues(Ai)are distinct. However, when two eigenvaluesare the same (i.e, double coalescence,At # A2 = A3 = A), we have
And for the ease of triple coalescence (A1 = A2 = A3 = A), we have
Similarly, through suitable manipulation of equations (2) and (4), explicit expressions for N(_. ) in terms of C# can be obtained for the case of three distinct eigenvalues,
1
[(c_#-A,&j)(C_# -_,&j)] N..(:. ) = (_, _ _,) (_, _ _,) and for the case of double coalescence,
In the preceding equations r, s, and t represent any cyclic permutation of (1, 2, or 3). These definitions will prove very useful in obtaining the pertinent singularityfree directional derivatives of both the potential W and the stress function
&_ = &_(c_).
The explicit singularity-free expressions for the second Piola Kirchhoff stress tensor Sij(Cij) are defined as
Those for the material moduli tensor Dijkt(Cij) can then be obtained by applying the directional derivative formula to Sij, that is, • Case I -three distinct eigenvalues (_1 # _2 _ _31
SDIFF(1)
• Case II -double coalescence (A1 _ A2 : _ -A)
SDIFF(2)
• Case III-triple coalescence
SDIFF(3)
Note that the resulting derived expressions have been manipulated and condensed so as to streamline their reporting and to facilitate their comparison with previous work [4].
Results for Case I
The explicit expression for the second Piola Kirchhoff stress tensor is
where 6ij is the second order identity tensor and a,b, and c are defined as (11) (121
and where
The explicit expression for the material moduli tensor Dijkt(Cij) is
where two second order symmetric tensors P and Q have been introduced and are defined as
and the notation 1
has been used in equation (15 (26) (20)- (25)) comprising the material moduli tensor
Dij_l.
Thus the previous work is now merely a special case of the present generalized expressions.
Results for Case II
In this case, a single singularity (hi _t R2 = A3 = )0 is analytically removed,
and a reduced material moduli tensor
Again, in comparing the coefficients a and b, and, b_, b2, and b3 to those obtained in previous work [4] , the only difference seen is the appearance of the cross derivative term (sis) in coefficients bt, b2, and b_.
3.3
Results for Case III Finally, in the case of a double singularity (hi = h2 = h3 = h), the explicit expression for the stress tensor becomes Sij = s_(h)61j
whereas the material moduli tensor becomes
These are identical to the previous results, as one would expect.
The value of automating the foregoing derivation procedure is apparent in that not only does this special purpose function SDIFF relieve the user of the tedious manual derivation process, but it also ensures analytical accuracy. This was illustrated prior to the publication of reference 4, in that a number of errors in the hand derivation were detected, verified, and corrected.
Also, because the derivation process needs to be executed only once, except for the evaluation of the scalar derivatives in equations (26) by definition.
continue C ******************************************************************** call subroutine c compsd3. ********************************************************************* if ((g11.ne.g12 Rewrite the tensor ts(i,j) td(£,j,k,l)to S(i) and D(i,j) respectively by using the symetric property. converts ts(3,3) s(6) and td (3, 3, 3, 3) to D(6,6)
if (i.eq.j) iq=i (i.eq.l.and.j.eq.2) iq=4 (i.eq.2.and.j .eq.S) iq=5
(i.eq.l.and.j .eq.3) iq=6 8 cml(3,3),cm2(3,3) , p(3,3,3,3),q(3,3,3,3) do I00 i--1,3
do 100 j=l,3 do 100 k=1,3 do 100 1=1,3 pqcom (delt,cmm,p,q12) pqcom (cm,delt,p,q21) pqcom (delt,cm,p,q22) 
